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I . c Casm « is installed in a well in a folded collapsed condition by uncoil In d 
it from a reel (87V Two strings of tubing (27, 29) extend continuously through the 
collapsed casing. One of the strings of tubing (27) is connected to a concert shoe (19) 
f!^ l ^!L Cn ? 0ftheCtling - ^°P^gt«rfQI)falc<atediix^ 
(19) and includes a p,stcm (33). Toe other string of tnWng (29) extends to a messwe 
chamber (35) that is between the piston (33) and the cenient shoe (19). After the 
casing (15) is lowered with a running tool to the desired depth, cement is pumped 

tZTJZ. "1 Tl" "£L° g im . WhiCh fl0W * Cannulas surroundbtg 
he casing. A liquid is then pumped down the second string of tubing (29) into 
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METHOD FOR CASING A WELLBORE 

Tunica! Field 

This invention relates in general to installing well casing in oil and gas 
wells and in particular to a method involving fabricating and collapsing casing, running 
5 the collapsed casing into the well and opening the casing into a cylindrical 
configuration. 

Backoround Art 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repeated with another smaller 
1 5 diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and running casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full length casing installed. 

35 Coil tubing units permit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is uncoiled from the reel. Coil tubing is 
used to circulate fluids into wells for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coil tubing is smaller in diameter than 

40 typical casing, which have usually a minimum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
diameter or larger. 

Disclosure of fnv^ffjo^ 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubing 
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utserted during the manufacturing process. Alternatively circular pipe sections about 
forty feet long are welded together and strings of tubing are tnr2l?Se^e 
casing ,s then collapsed with the tubing located therein a „d wound on a small reel due 
to its small height by comparison to its nominal diameter. The upper and lower end 
Pomons of the casings are generally formed in a somewhat cyiindnS conftSon 
An opemng tool is located o» the lower end cylindrical portion. The opening fooihasa 
SI? 1 . « T forming head Seated above the pisron. A press^cnambeTis 
created below the ptston in the lower end portion of the casing 

The casing i s deployed from the reel and folded in a horseshoe shape orior to 

down the tubmg into the pressure chamber to open the casing into a cylindrical sh^ 
The fluid pressure acts against the piston to push the opening tool upward This 
causes the head of the opening tool to form the casing from the coip!ed/fold«J 
X5 ^^Z:^ 1 ^^ ^forming too, and th/tubing are 

Preferably, two strings of tubing are installed in the casing while it is being 
manufactured. One of the strings of tubing serves to pump a cement slurry down 
through a cement shoe located at the lower end of the casing. The cement flows back 
up the annulus surrounding the casing to cement the casing in place. Then fluid is 
pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
is used to expand the upper end cylindrical portion of the casing into a metal to metal 
sealing engagement with the lower end of the previously cased section of the well In 
the preferred embodiment, this involves releasing the running tool from the upper end 
of the casing after the collapsed portion of the casing has been expanded then 
lowering the forging tool located above the running tool into the casing Fluid is then 
pumped down to radially forge the upper end of the casing into engagement with the 
lower end or the previous one. 

The opening tool includes a forming head with a conical body with flutes 
Balls roll along the flutes in roUing engagement with the casing wall as it is being open 
to a cylindrical configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower ball passage an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle 
Alternatively, the forming head comprises a conical body with thin dual conical 
35 segments to increase the forming head diameter 

Brief Descri ption of Drawing 

Figures 1 A-1D comprise a vertical sectional view of an assembly for casing a 
well, including a collapsed string of casing being installed in a well along with a 
40 running tool and an opening tool. 

Figure 2 is a cross sectional view of a portion of the running tool of the 
assembly of Figures i A-1D, taken along the line 2-2 of figure IB. 

Figure 3A is a sectional view of another portion of the running tool of the 
assembly of Figures 1 A-1D. taken along the line 3-3 of Figure IB. 
45 Figure 3B is another sectional view of the running tool taken along the line 3-3 

of Figure IB, but showing the running tool shifted to a released position. 



20 



25 



30 



WO 9*07957 



- 3 - 



PCT/IB97AJ0994 



Figure 4 is a sectional view of an intermediate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure I C, taken along the line of 5-5 of Figure 1 C. 

Figure 6 is another sectional view of a portion of the opening tool of Figure 
IC, taken along the line 6-6 of Figure 1C 

Fi 8ure 7 is a sectional view of the cement shoe of Figure ID, taken along the 
line 7-7 of Figure ID. ° 

Figures 8 A and 8B comprise a sectional view of a portion of the assembly of 
Figure 1, shown after cementing and during the opening of the intermediate portion of 
the casing. 

0 « */ igUfC 9 is a SCCtional view ofthe wsembly of Figure 8A, taken along the line 

9- 9 of Figure 8A. 

, A IA S ure 10 is a sectionaI ^ of the as^'y of Figure 8A, taken along the line 

10- 10 of Figure 8 A. 

Figure 1 1 is a sectional view of the assembly of Figure 8B, taken along the line 

11- 11 of Figure 8B. 

Figure 12 is a sectional view ofthe forging packers of the assembly of Figure 

1 A, shown lowered into the upper end portion of the casing and in the process of 
forging the upper end portion of the casing into sealing and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one ofthe forging packers of Figure 12 taken 
along the line 1 3- 1 3 of Figure 12. 

Figure 14 is a sectional view of the well of Figures 1 A- ID, shown after the 
casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manuiacturing the 
collapsible casing of Figures 1A-1D. 

Figure 16 is another schematic sectional view ofthe casing of Figure 1A-ID 
showing the addition of an outer layer in the case of a multiple layer casing 

Figure 17 is another schematic sectional view of the casing of Figure 16 
showing the welding ofthe additional layer. 

Figure 18 is a sectional view illustrating one ofthe end portions ofthe casing 
of Figures 1 A- ID with a dual layer configuration. 

Figure 19 is a schematic view illustrating the collapsed casing of Figures 1A- 
1D being uncoiled from a reel, folded in a horse shoe shape and lowered into a well 

Figure 20 is a flattened sectional view ofthe casing of Figure 19, shown alone 
the line 20-20 of Figure 19. t> 

Figure 21 is a folded sectional view ofthe casing of Figure 19, shown alone 
the line 21-21 of Figure 19. * 

Figure 22 is a schematic view illustrating valves for controlling the flow of 
fluids to the installation apparatus of Figures 1 A- 1 D. 

Figure 23 and 24 arc isometric views illustrating an alternative design for the 
opening tool including expander segments. 

Best Mode for Carrying Out the Invention 

Referring to Figures 1A-ID, the well illustrated has a cased section 1 1 which 
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has already been cemented in place and an open hole section 13 which extends bdow 
cased section 11 to the target depth. A continuous string of casing 15 according to 
the invention ,s shown m place in the well with a lower end portion 15a at the lower 
end of the well open hole section 13 Casing 1 5 has an intermediate portion 15b that 
s extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 15c. Upper end portion 15c overlaps the lower portion of cased 
section 11. Casuig lower and upper end portions 15a. 15c each are somewhat 
cylindrical with axially extending corrugations 17 as shown in Figure 5. Corrugations 
17 are straight axially extending channels on both the inner and outer diameters of 
10 casing, providing inward protruding valleys 1 7a alternating with outward protruding 
peaks 17b. Intermediate portion 15b. shown in Figure 4. is collapsed and folded 
having a bight 18 that curves inward and touches the opposite side, which is generally 
arcuate when lowered into the wellbore. y 
Referring to Figure 1 D. a cement shoe 1 9 is located at the lower end of casing 
15 rT.fS P ° Iti0n ! 5a - Cement shoe 19 Prides a end cap for casing 15 and is made 
of dnllable material with a cementing port 20 extending axially through it A metal 
stinger 21 engages sealingly into the upper portion of cementing port 20 Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
cementing port 20 which flow back up the annulus space surrounding the casing 1 5 as 
20 indicated by the arrows. Stinger 21 has also some flow ports 25 which are isolated 
from conduit 23 and lead to the exterior of stinger 21. 

A cement slurry tubing 27 extends continuously through casing 15 and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly a fill-up 
tubing 29 extends continuously through casing 15 and has hs lower end coupled to 
stinger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are, conventional 
metal coiled tubing strings of about one inch in diameter. 

An opening tool 3 1 is housed in casing lower end portion 1 5a. shown in Figure 
1C, above stinger 21. Opening tool 3 1 includes on its lower end a piston 33 Piston 
33 is an elastomeric cup sliding seal, which has straight axially extending grooves on 
its exterior for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing element 33a to seal around tubing strings 27. 29. A pressure 
chamber 35 is located in the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the running-in position, as shown in Figure ID, pressure chamber 
35 is at its minimum volume. A cylindrical metal piston head 37 extends upward from 
35 piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end portion 1 5a at valleys 1 7a. 

Opening tool 3 1 has a tapered or conical forming head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align with valleys 17a, as shown in Figure 5. A plurality of balls 43 
40 roll down flute* 41 of head 39. Balls 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47, and a plurality of upper lateral passages 49. 
Piston head 37 initially is in a lower position within a sleeve 48 of head 39. providing a 
chamber for a number of balls 43 as shown in Figure 1C. When piston head 37 is 
pushed upward, until it will enter in contact with a flange 50 of head 39 as shown in 
45 Figure 8 A, it will push the balls 43 upward through axial passages 45. Balls 43 move 
outward on upper ball passages 49. down flutes 41, and back inward in lower ball 
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S?I5 47 l ° ^ p3SSageS 45 8 conlinuous cycle as body 39 moves upward in 

Referring again to Figure 1C, opening tool 31 has a cylindrical top end 51 
which has an outer diameter equal to the minimum inner diameter of casing lower end 
portion 15a, which is measured at valleys 17a. Balls 43 will engage vallevs 17a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one ball 43 to an opposite ball 
43 is substantially equal to the diameter between valleys 17a. When balls 43 are at the 
lower ends of flutes 41 as shown in Figure 8A. ,he outer diameter of forming tool 3 1 
measured from one ball 43 to an opposite ball 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 15c 

22™^^ 43 PU ? 7*? ,?a ° UtWard ,0 m * s^TanSar 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

**** *• relative stiffiiess of the casing metal wall, the intermediate portion 
15b is opened from its folded configuration ahead of the opening tool 31 and the 
contact between the inner wall and the opening tool 31 is made only by the baits 43 
rolling on flutes 4 1 of the conical forming head 39. 

Referring to Figure 1 B, a running tool 55 is located at the top of casing upper 
end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56 
The extenor of outer sleeve 56 has vertical grooves 58 between vertical bands 58a 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a in the upper inside end of casing upper end portion 15c 
Because of corrugations 17 and grooves 58, threads 57 win be discontinuous and 
25 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylmdncal exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-slot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom During running-in of casing 15 J- 
pin 61 will be at the upper end of the first leg 63a and maintained in this poshion'by 
the weight of the casing 1 5 hanging on the running string connected to the inner body 
59. After casing intermediate portion 15b has been opened, the weight of the casing 
15 is supported by the numerous contacts with the inner wall of the borehole After 
opening has been completed, the operator will lower the running string 72 which 
lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the running string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow in Figure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17b, allowing running tool 55 to be lowered into casing upper end portion 15c. 

Running tool 55 has a main supply passage 64 connected to the passage in the 
lower part of packer string 69 which extends into inner body 59. A cement slurry 
passage 65 (Tig. 3A) connected to tubing string 27 is located in running tool 55 and 
can be connected to the lower end of mam supply passage 64. Similarly, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 
45 supply passage 64.. 

Inner body 59 of running tool 55 is connected to the packer string 69 by 
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threads. The upper part of packer string 69 features a centralizer 70. Two or more 
forging packers 71 are mounted on the packer string 69 between centralizer 70 and 
inner body 59. Forging packers 71. when supplied with high internal pressure from a 
"uikiplicator (not shown), will bflaS and radially expand ,o 
pl«UcaUy forge the upper end of casing upper end portion 1 Sc. as shown I Figure I 2 ° 
Hydraultc passages 73. extending through packer string 69. can be connected 1 

M -J?' f ^ g " COn " eCted at CCntralizer 70 to a ~n«ing string™ 
which extends to the surface. Preferably, running string 72 is another ^ Sled 
n,b,ng approximately two inches in diameter. Packers 71 have external Sal groovy 
74 which will ahgn w.th valleys 17a of casing upper end portion 15c wr^cK^ 
are lowered into upper end portion 15c with the centralizer 70 landed on top of the 
casing 1 5c as shown in Figure 12. P e 

va . J^" 8 '° R 8 Ure ^ » th e Preferred embodiment, electrically actuated 
valves 75. 77 and 79 are mounted in running tool inner body 59 (Fig. IB) Valve 75 it 
in slurry passage 65 and opens and closes flow to tubing 27. Valve 77 is in orata 

29. Valve 79 is in pressure passage 73 for opening and closing pressure fluid from 
mam ^passage 64 to forging packers 71 (Fig. 1 A). Electrical vTe conll ^rS 
(not shown) extend through coiled running string 72 to the surface to a control panel 
A small accumulator (not shown) supplies hydraulic fluid to valves 73. 77 79 to ooen 
and close them when electrically actuated. Pumps 80 on the surface, which could be 
either cement or mud pumps are used for delivering pressure fluid down main supply 
passage 64. KK 3 

Referring now to Figure 15. casing 15 is fabricated by drawing a first metal 
strip 81 from a reel and bending two edges down around two laterally spaced aoart 
parallel continuous strings of coil tubing 27. 29. As shown in Figure 16. the edgesare 
bent over and welded at seam 82. The upper side is bent into a concave shape 
touching scam 82, while the tower side is flat. Then, a second strip 83 is drawn froma 
reel and bent to have upturned edges. As shown in Figure 17. second strip 83 is then 
bent by rollers around first strip 81 while first strip 81 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casing 15 thus is double-walled and has a flat side 85 that extends 
between parallel tubing strings 27. 29. generally tangent to outer diameter portions of 
35 tubing strings 27, 29. 

The use of two walls for casing 1 5 reduces the amount of strain that would 
otherwise occur during opening plastic deformation with a single wall casing having 
the same total thickness. Three or more wall casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to resist 
external pressure. Known friction enhancing techniques such as surface stamping, 
surface treatment or coating are desirable to offer adequate external pressure 
capability when open. Also the circumference of the external wall can be made slightly 
smaller than the previous one to offer adequate fretting of the wall when casing is 
open. 

Casing 15 will be coiled on a reel 87 (Fig. 19) while in the configuration shown 
ut Figure 20. Reel 87 is a large member capable of holding up to 5000 feet of casing 
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15 which has a 5-1/2 inch external diameter when expanded to a cvKndrical 
configuraaon. F.gure 18 illustrates corrugations .7 whichTe formed on ffita 
upper and tower end portions 15c, 15a (Figs ,B. ID) by a «2 concur* 
opcrat,on. The upper and lower end portions 15c, 15a remain generSySS 
although corrugated. The straight upper and lower end portion 15c ISa^Ta 
few feet m length and are not wound on reel 87 during translation ZTte 
manufactunng plant to the well she. 

fir« « IT dC f 0yin8 °f' n8 15 fr0m ree ' 87 > ^"8 intermediate portion 15b will 
first pass through a set of bending rollers 89 as shown schematically^ in figur -19 
Folding rollers 89 will form casing 15 from the collapsed flattened «>nfiS™ «f 
Fjgure 20 to the folded collapsed configuration shown! ?J£ T^SXSS£ 
18, and pos.Uonstub.ng stnngs 27. 29 closer toward each other. The maxinmm width 
o casing .ntermedtate portion 15b in the rounded collapsed ^guSnTrZe 
21. is less than the mner diameter of cased section 1 1 (FiglA). TbV™SmumS 
£ST5 " ltCnn ! d,at * P 0 ? 0 " 15b while in the collapsed flattened configuration of 
Figure 20 ,s greyer than the inner diameter of cased section 11. AssociatedwiS the 
folding rollers 89. a gripping and pushing mechanism 91 is employed The foldhS 
pushmg mechanism 91 is constructed generally as in a conventional coil tubing pushing 
mechaiusm Sj It grips casing 1 5 without deformation, pulls it from reel 87 and pushes 

apphed by gripping and pushing mechanism 91 while being pushed into the well 

During installation, casing 15 will be uncoiled from reel 87 and pushed bv 
mechanism 91 into the well until cement shoe 19 is dose to the bottom of open hole 
secuon 13. The length of casing 15 will be previously selected so that the upper end 
of portion 15c extends mto cased section 11 (Fig. IB), overlapping it over a 
substantial length. Valves 77. 79 are closed and valve 75 (Fig. 22) is open and cement 
pump 80 pumps a cement slurry 92 (Fig. 9) down the passage 64. 65 through open 
valve 75 and down cement slurry tubing 27. As shown by the arrows in Figure ID 
the cement slurry flows down passages 23. 20 and flows up the annulus space 
surrounding casing 15. v 

A selected volume of cement will be pumped based on an estimate of the total 
volume of the annulus as if casing 15 had already been opened to the cylindrical 
wnfiguration. Because of the collapsed rounded or horseshoe configuration of casing 
intermediate portion 15b, a much greater annulus volume initially will be present 
around casing intermediate portion 15b. as shown in Figure 9. facilitating circulation 
Consequently, initially, cement 92 will normally not completely fill the annulus to the 
top of casing upper portion 15c. During the pumping of cement, displaced drilling 
fluid, or returns, will flow up the corrugations 1 7 of the casing upper end section 1 5c 
into the annulus surrounding running tool 55 flow by ports 60. The returns flow up 
around the forging packers 71 and around the annulus surrounding running string 72 
to the surface. 

After pumping the calculated volume of cement slurry, a selected volume of 
flushing fluid will be pumped down cement slurry tubing 27. The volume is selected to 
be just the amount needed to push cement slurry from conduit 72, tubing 27 and 
stinger 21 into the open borehole, but substantially no more. The valve 75 is then 
closed and valve 77 is open. Drilling fluid is pumped down conduit 72, which flows 
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through passages 64, 67 and down fill-up tubing 29. The fluid flows out nortc <>* . 
pressure chamber 35. shown in Figure ID. P ° ftS 25 ml ° 

As shown in Figure 8B, the fluid pushes upward on oiston 33 wh^K va 
upward relative to tubing strings 27, 29 Piston CEt^KJ tt^t 

with Figure 8A. Once in contact with flange 50 the force r*L*A kT ^ I , ' 
begins to push the opening ,00. 31 ^ J^SZ^tt^ 
stationary. Due to the engagement of balls 43 with AtSLSt 2LTS 
portion ISju balk 43 are forced to roll down the indined flutes ^pSj the X 

k ^ ,^ er a L Sh ° rt distance . a» °f the balls 43 will be in engagement with o„i«i 

intermediate portion 15b. Balls 43 will open casing from the SELFLXS 
^figuration of Figure 9 to the cylindrical ^flguradL of Figtefo^Jnng hi 
casmg expansion process, the annulus surrounding casing intermediate porS *lSb 
decreases, pushing cement slurry 92 upward, and returns will flow up into tne SulS 

fT*" ^r 0 " 5 17 ° f Casin * end P° rti °" '5c and cZ^ZTf' 
Someof the cement shiny 92 will flow out above running tool 55 to insurTTproper 

mnJT^ ?T W , he " ,hCy Wi " 66 ,at€r ^ ^ forming too? 31 

moves upward, the volume of pressure chamber 35 increases. This proceTwil 
continue for the enure length of the casing which could exceed several thoL„d?eet 

Do,n. STi^i fo r° 8 t0 °l 31 W " reaCh "PP" end P° rti °» >5c At this 
point balls 43 will push outward on valleys 1 7a to round the corrugated configuration 
7 into a cylindrical configuration in the same manner as at casing lower ^Son 
15a Fomungtoo.31 wfl. eventually contact thelower end of n^ZSxZSb 
protrude, . short distance into casing upper end portion 1 5c. shown in Figure IB 
7 , m . The "T"* < ooi 55 be released from threads 57 by letting running siring 
72 go down a short distance, then pulling upward. While lowering, tubing «ringT 2 ^ 
29 will spual slightly along their lengths to accommodate the Compression The 

6 °™Zt KT DB S 0fta,8r ^ 59 to ou,e ' sleevc 56 causes J-pin 6. to 

7Z« 68 ?/ t0 SCCOnd ' eg 63b ^ this occurs, an incremental amoum 

of rotation of sleeve 56 occurs relative to inner body 59. This rotation, as illustrated fa 
Figure 3B, cam* threads 57 to disengage from the threads on sleeve 56, reusing 
running tool 55 from casing upper end portion 15c Grooves S8 on outer sleeve 56 
will now be aligned with valleys 1 7a. 

The operator then again drop running string 72 to place forging packers 71 
within casmg upper end portion 15c as shown in Figure 12. Because of the alignment 
of axial external grooves 58 and external grooves 74 (Tigs. 1A. IB) with corrugations 
17, outer sleeve 56 and packers 71 win pass downward within casing uppeTend 
portion 15c Cemralizer 70 is closely spaced to the inner diameter of cased section 1 1 
and will land on the upper edge of casing upper end portion 15c. Valve 77 is now 
closed and valve 79 open (Fig. 22). Pressurized fluid is supplied with mud pump 80 
through running string 72. This pressure which will be multiplied by a known pressure 
multiplier causes the forging packers 71 to innate and plastically deform a portion of 
upper end portion 15c out into a tight gripping and sealing engagement with cased 



WO 98/07957 



- 9 - 



PCT/IB97/00994 



10 



IS 



20 



25 



30 



35 



40 



45 



section II. 

• T i flU S, Pr< ^7 '* bled offto ** f ^»"g P**ers 7) to retract The 
running smog 72 k lifted to pufl up running tool 55 Tubing strings 27 29 wiUmove 
upward along with sttnger 21 and opening tool 31. The entire asSnb* i 3 kd out 
of the well and reel back on the reel 87. Figure 14 illustrates casing 15 without Z 

ZfT« r 818 ' CaSi " 8 - MrOStatiC preSSUre ,ests « *« ^ doneTgS die 
shoe and dnllmg can resume just after. Also, Figure 14 shows that cased Son if 

may be of a continuous expandable type installed as a liner to another cased section 

93. Cased section 93 ,s shown to again be an expandable type installed Tn AeTaT 

manner as described and located within a conductor 95 thatbthreaoedlo a welS 

Figures 23 and 24 illustrate an alternative design for the opening tool 3 1 where 
m heu of balls on inclined flutes which circulate in a cycle, expander duaJ cS 
segments 34 and 36 slide downward from an upper retracted S (Fig 23^0 a 
lower expanded position (Fig. 24). then stop against a shoulder 38a Zjl * e 
bottom of the conical forming head 38. The segments 34 comprises a main secern 
34a siding along a retaining guide 38b attached on the conical forming headTS 
both sides of segment 34a, two segments 34b are hinged. SegmenU 7e whS 
complete the expanding ring 30 (Fig. 24) slide on its own retaining guide 38c dso 

Sfr 00 t >n, ^o fonnin8 hCad 38 - A Stabi,izer 38d is attached °" «he top of the 
conical forming head 38 to prevent contact between the segments and the ID of the 
corrugated portion for easier installation of the opening tool. The finaers of the 
stabrfizer 38d bend when the too. is pumped up allowing^ segments tocTnta^ t 
casing internal surface. The dual conical segments 34a. 34b and 36 can be made of 

openJngTooT 0 ^ CeramiC ,0 8-6,8 whcn °P eratin 8 the 

a ^ P ' St0n 33 S i8 , 23) is an elastom eric cup sliding seal with straight axially 
extending groove to fit the corrugated end straight section of the caJng which 
compose two parts: a metal support washer 33b which is corrugated and bonded to a 
elastomenc packing element 33c and a lip type seal 33d. Figure 24 illustrates the 
deformation of the piston 33 with the support washer 33b being flattened up and 
el«c parts 33c and 33d deformed to cylindrical external surfaces by JflS 

.._ The invention has significant advantages. As can be seen in Figure 14 the 
difference m the inner diameters of one cased section to the next upward cased section 
•s no greater than the wall thickness of the lower cased section. This reduces 

ITS a "IT ^ ° nC S,ring to 

monodjamctcr dnlhng. It allows a smaller eased section at the top of the well for a 

given bottom diameter and depth than prior an wells. Monodiameter drilling allows 

smaller bits, less mud, less cuttings to be disposed of. and less cement to achieve the 

same final sae well. This method allows one to have shorter and more different 

tUTST* r?^ Pri °I art L ^ me,hod can * Permed without the need 
tor a hoisting mast if dnlhng is done by turbine driven drill bit on coiled tubing 

While the invention has been shown in only one of its forms, it should be 
apparent to tose skilled in the an that h is not so limited, but is susceptible to vtout 
changes without departing from the scope of the invention. For example, rather than 
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ZmOS 8 12 l ' f a h0iS,i " 8 maa is available > «»"ventionaJ drill pipe 

T y v^t k K eVCn !' ralher than ««ectrically actuated valves, the vahJa ca£ ta 
accomphshed by tab or darts down the conduit 64 to selectively doselnT^tta 
passages. Also, rather than elastomeric packers for expanding the casing uSTenS 
port-on, other pressure actuated metal radially expandabKembers ™ Zl7£y£ 
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Claims 

I An apparatus for casing a well, the improvement characterized by the combination of 
a continuous metal casing (15) that is wound onto a reel (87) into a generally 
collapsed configuration (Fig. 20); generally 
^ deploying means (Fig. 1 9) for deploying the casing from the reel into the well; 

opening means to open in-situs the continuous metal casing from the collaosed 
configuration into a cylindrical configuration. conapseo 

2. The apparatus according to claim 1. wherein the opening means consists of an 
niZ^T l l V' C ° mpriSin8 " PiSt °" (33) > 8 C0nical ^ead £ iTaoove tne 

Ell } . ^T g - \ PrCSSUrC ChambCT (35) betWCen 8 closed «"d J heXon 
located ,n a closed straight end portion of the casing that is generally cyBndricX 

oTto ^TT 8 8 ^ .^P^ <*™ber, whiclfacts ag^hetis^n 
(33 to push the opening tool inside the conunuous metal casing (15) causma the 
corneal forming head (38. 39) to radially open the continuous metfl JngTs^ 
the collapsed configuration into a cylindrical configuration. * ' 

LL^nTSr S*!!! 0 IT x wherdn the dosed straight end I***™ 

casing (15) has axially extending corrugations (17) having a maximum radial 

isssz exceedb,g ,he radiai dimension ^T") inr^indrital 

L7| hC ?r ratU , S T 0 '*" 8 10 C ' aim 2l Wherein there is « 31 ,east . o~ «™g of tubing 
Se tub^ ^ ^ thC ° penin8 100 ' pis,on 1,35 ^8 n^ans (33a) arouHd 

5 The apparatus according to claim 4, wherein the opening tool (31) is located in a 
2fS ^ P 0 ??" of ,hc ^8 < 7 5a) with the pressure chamber (35) below i, 
and the fluid is pumped down the string of tubing (29) into the pressure chamber (35) 
acting against the piston (33) to push the opening tool (3 1) upward. 

6. The apparatus according to claim 4, wherein there are means for pumpinc a 
cement shiny down the tubing (27), which flows back up an annulus sumLZgL 



1 The apparatus according to claim 2. wherein there are means on the opening tool 
' ' . tor "gagwg the collapsed portion of the casing in rolling contact (43) as the 
opening tool bends the casing wall into the generally cylindrical configuration. 

8_ The apparatus according to claim 2, wherein there are means on the opening tool 
(31) for increasing the diameter of the conical forming head (38, 39). 

f. The according to claim 8. wherein the means to increase the diameter of 

he conical forming head (38) are expander dual cone conical segments (34a. 34b 36) 
located in a retracted position and are staggered further up and in contact with the 
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conical forming head (38). 

10. The apparatus according to claim 9 wherein _r 
segments(34a,34b,36)areLamic surfaC€S of *e conical 

«^ apparatus , accordin 8 to claim I. wherein while the casing (15) is on the r~i 

COn^onofthV^^ 'he flattened 

^casing (15)isdep,oW^ 

1 3. The apparatus according to claim I, wherein there are- 

the casingT^ ~ (57) * ^ ,0 °' 10 the cnd P°"™ of 

casing inTwcI a,UChina 11,6 " ,nninS t0 °' l ° 3 mnni "S St ™« <*> * Bering the 

14. The apparatus according to claim 13. wherein there are- 

at least, one string of tubing (29) located inside the casing and the ODenin B tool 
piston has sealing means (33a) around the tubing °° l 

tool; ^ S<CUrinS thC UPPCr Cnd ° f the ^ of * bin 8 (27. 29) to the running 

means to retain the opening tool on the string of tubing; 

the releasable means releasing the running tool (55) from the unn« ™j n r 

moing tz/, 29) after the casing has been opened into cylindrical configuration. 

H n T trf aP T tUS T rding 10 C,aim Wherein ,hc weU ^ « uPPer cased section 
(I I), and wherein the apparatus further comprises means (71. 74) for^asSv 

17. The apparatus according to claim 3. wherein the corrugated casino straiaht end 
S«clother 5C) C ° mPriSeS " ' CaSt tW ° ~- * s — Tsi, sTnu^^ 



WO 98/07957 



- 13 - 



PCI7IB97A)0994 



18. The apparatus according to claim I, wherein there are- 
first and second strings of tubing (27, 29) 

contained therein „rf UatS^ soaeSTpjn' """^ of "* in * 

the casing having , go*,,,,,, cylindrical lower end cordon ( 1 5a) 

and . zszsssiyrsi in *• lower md ^ ■ <»> 

«le«sl one string of n*i„g(20). ' * "* kc "add in comrmmicadon 

a7, j rs s srtear - *r ?••«-••• «■» 

tunning tool (55); ,he mX^TrS?, S™ 8 j?"","" 1 ' "** tt ™ i «"« »' *« 
lowering .he nrnrim uSTssi mo £ 8 T""* to ' ramin e *** P?) for 
eased sLionZtew^, n^fc P °" ,0n °f 11,6 (l5c > » «" 

fonning heaa (38, 39) rftta io5 tTbeSd thi, P?^ ^ cmta « «"» 

into a cylindrical confi^on *" ^ Wa " ° f ,he portion 

(15b) has been opened into Se cylir^rii^X P ° rt, ° n ° f *" ^ 

1 9. A method for casing in a wellbore, comprising: 

collapsing a continuous metal tubular casing (\ 5 . am. .i. 
a reel (87); g < 3 ' anfl wnamg the casing onto 

lowering the casing from the reel into the well (Fie l oy an d 

* "*» ( ' 5) *« «*f- l«o a CiniHeel 

20. Am^McofdmgiocUm|o,liOTliercoin|»ising 

be~«n she ^ f» J* I""** « I"-™ chamber (55) 
lowenng tte casing (15) lh»n Ute reel (IT) i«„ ft, well; nod piping , «„ 
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21 . A method according to claim 20, further comprising 

lowering the casing (15) from the reel (87) into the well „nrf t-~r .u 
flattened configuration of the casing; and bend,n « thc 

pumping a fluid down the tubing into the pressure chamber m\ «*• k 
agatnst the piston (33) to push the owning tJ^r^Z £*JS?,!? 

SSt '^K 08 ' , 39) l ° «"* » i,s X di^sb To is 

and dnft the casmg from the collapsed configuration into a cylindrical *J£££T 



W0 98AT7957 



3/6 



PCIYIB97/O095M 




WO 98/07957 



PCTOB97/00994 




WO 98/07937 



6/6 



PCT/D97/00994 




FIG. 23 



FIG. 24 
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